We have studied the ground state properties (binding energy and charge radius) using relativistic mean filed formalism (RMF) for Mg-isotopes in the valley of stability to drip line region. The RMF densities have been analyzed in context of reaction dynamics. The calculated results of 24−40 Mg+ 12 C reactions at projectile energy 240 AMeV using Glauber model with the conjunction of densities from relativistic mean field formalism are compared with experimental data. We found remarkable agreement of estimated values of reaction cross sections with experimental data except for 37 Mg isotope. In view of this, the halo status of 37 Mg is examined through higher magnitude of rms radius and small value of longitudinal momentum distribution. Finally, an effort is made to explore the structure of 37 Mg halo candidate using Glauber few body formalism.
INTRODUCTION
Since last few decades, the advent in radioactive ion beam facilities, the drip line physics and structure of drip line nuclei got large attention by the nuclear science community. The advancement in these facilities enrich our knowledge toward the new exotic phenomena such as one and two neutron/proton halo, bubble effect in densities, vanishing of shell closer effect at the drip line region and identification of some new magic numbers for the deformed configuration etc. The understanding of above mention concepts strengthen our understanding in the island of inversion. One of the most exotic phenomenon that have been exploited extensively toward drip line is halo status of nuclei. The halo structure originates due to extremely weak bound nucleons which decouple from the nuclear core. The interaction cross sections of such nuclei like 6, 8 He, 11 Li and 11,14 Be [1] are anomalously high due to large magnitude of consolidated root mean square (rms) radii. The one neutron/proton breakup of halo projectiles with stable target at near/far barrier energies is one of the tool to investigate the structure of such systems [2] . The measurement of longitudinal momentum distribution for 16−18 C isotopes after one-neutron breakup from 17−19 C isotopes using the fragment separator observed narrow value of full width half maximum (FWHM) for 18 C (∼ 44.3 ± 5.9 MeV/c), which indicates that 19 C is a one-neutron halo [3] . In addition to this, the measurement of nuclear reaction cross-sections for 19, 20, 22 C [4, 5] show that the drip-line nucleus 22 C has a * maheshphy82@gmail.com halo structure. The one and two neutron removal cross sections and momentum distribution give indication for the halo status of a nuclear system. It is relevant to mention that 22 C has N = 16 which is a new magic number in neutron-rich region [6, 7] and forms a Borromean halo structure ( 21 C is unstable). It is of large interest to study the existence of bound states of two nucleons (neutrons or protons) with core in the Borromean structure, which have not appeared in vacuum. Soon after 31 N e was included in the family of neutron halo. The measurement of interaction cross sections for Ne isotopes from the stability line to neutron drip line at 240 MeV/nucleon energy [8] , show the dependence of mass number for 27−32 Ne isotopes, which have been explained by nuclear deformations. The enhancements of interaction cross sections particularly for 29 Ne and 31 Ne have been quoted by an sdominant halo structure of 29 Ne and s-or p-orbital halo in 31 Ne [9] . The isotope 31 N e having neutron number N=21, seem to break the shell closer structure. As a consequence, a large value of deformation associated with the strong intruder configuration put in at "island of inversion". Recently, M. Takechi et al. [10] , have measured the data of reaction cross section for Mg isotopes at energy 240 A MeV at RIBF and RIKEN. In this study, they have observed large reaction cross section value for 37 Mg as compared to other isotopic chain and consequently predicted 37 Mg to have a halo structure. In another study S. Watanabe [11] concluded from their fully microscopic double folding frame work with the AMD densities, that 37 Mg exhibits deformed halo structure. In our earlier work we explored the structure of some isotopes of Ne, Mg and Si [12] . The identification of this new candidate as halo encourage us to review our study for Mg isotopes.
Therefore we have made a motivated effort to study the reaction dynamics of Mg isotopes at energy 240 AMeV. A sincere effort is made to analyze the structural features of 37 Mg. The reaction/interaction cross section, angular elastic differential cross section, one nucleon removal cross section and angular momentum distributions parameters are exercised for the analysis of such nuclear systems. The section II contains a brief description of Glauber formalism. Section III describe the calculations and results, and finally a summary and conclusions is described in the section IV.
II. THE FORMALISM
We use the well known Glauber approach to investigate reaction dynamics [13] [14] [15] . The study of reaction dynamics in the framework of this approach strongly depends on the densities of the projectile and target nuclei, and we have used the microscopic relativistic mean field (RMF) densities with NL3 parameter [16] .
A. Glauber Model
Reaction cross section
The theoretical formalism to study the reaction cross sections using the Glauber approach has been given by R. J. Glauber [13] . The standard Glauber form for total reaction cross sections is expressed as [13, 14] 
where 'T(b)' is the Transparency function with impact parameter 'b'. The function T(b) is calculated by
Here, the summation indices i, j run over proton and neutron and subscript 'p' and 't' refers to projectile and target respectively. σ ij is the experimental nucleon-nucleon reaction cross-section which depends on the energy. The z-integrated densities are defined as
with ω 2 = x 2 + y 2 . Initially Glauber model was designed for the high energy approximation. However, it was found to work reasonably well for both the nucleusnucleus reaction and the differential elastic cross-sections over a broad energy range [15, 17] . The modified transparency function T(b) is given by
The profile function Γ N N for optical limit approximation is defined as
for finite range and
for zero range with
b is the impact parameter. Where − → s and − → t are the dummy variables for integration over the z-integrated target and projectile densities. The parameters σ N N , α N N and β N N usually depend upon the proton-proton, neutron-neutron and proton-neutron interactions. Here σ N N is the total nuclear reaction cross section of NN collision, α N N is the ratio of the real to the imaginary part of the forward nucleon-nucleon scattering amplitude and β N N is the slope parameter. The slope parameter determines the fall of the angular distribution of the N-N elastic scattering.
Angular elastic differential cross section
The nucleus-nucleus elastic scattering amplitude is written as
At low energy, this model is modified in order to take care of finite range effects in the profile function and Coulomb modified trajectories. The elastic scattering amplitude including the Coulomb interaction is expressed as
with the Coulomb elastic scattering amplitude
where K is the momentum of projectile and q is the momentum transferred from the projectile to the target. Here η = Z P Z T e 2 / v is the Sommerfeld parameter, v is the incident velocity of the projectile, and χ s = −2η ln(2Ka) with a being a screening radius. The elastic differential cross section is given by
3. one nucleon removal cross section
The one nucleon removal cross section, σ −N , may be defined as
we assume that the core remains in its ground state, g=0. The one nucleon removal cross section consists of both elastic and inelastic part and can be calculated by
The cross section due to the elastic breakup process is given by
While the cross section from inelastic breakup is given by
The momentum distribution of core after the inelastic breakup of Projectile reads as:
The Scattering wave function of nucleon is approximated by a plane wave reduced to
where b N stands for the impact parameter of valence nucleon with respect to the target. The longitudinal momentum distribution obtained by the integration of above equation over transverse component of momentum P ⊥ , gives.
B. Relativistic mean field formalism
The relativistic mean field approach is well documented in Refs. [18] [19] [20] [21] [22] . The basic ingredient of RMF model is the relativistic Lagrangian density for a nucleonmeson many body system which is defined as [20] 
Here σ, V µ and − → R µ are the fields for σ-, ω-and ρ-meson respectively. A µ is the electromagnetic field. The ψ i are the Dirac spinors for the nucleons whose third component of isospin is denoted by τ 3i . g s , g ω , g ρ and 
III. CALCULATIONS AND DISCUSSION
The ground state properties of Mg-isotopes are calculated using microscopic relativistic mean field formalism 
FIG. 1: The values of B.E in MeV and Charge radius of Mg isotopes after obtained from RMF(NL3) as a function of mass number (A).
The experimental data are also given for comparison whichever be available.
mean field formalism depends on the appropriate choice of densities and we have used RMF(NL3) densities as an input of Glauber model. In the measurement of reaction parameter through Glauber formalism, one of the input for evaluation of profile function in Glauber model is its energy as well as isospin dependent parameters. The values of these parameter at E P roj = 240 AMeV are σ N N = 3.266868 (f m 2 ), α N N =0.6800303 and β N N = 0.097843707 (f m 2 ). These values have been estimated by spline interpolation from Ref. [23] . Other important inputs of Glauber model are the densities of the projectile and the target nuclei. Fig. 2 shows the relativistic mean filed (RMF) densities of projectiles with NL3 parameter set, which shows the density profile as a function of radial distance for 24−40 Mg nuclei. Here the nucleonic densities distribution are of larger values at the center and goes on decreasing as the radius increases. where the small depletion in densities also appear at the center for these nuclei. One may also observed from the figure that the skin effect increases with increase of isotopic mass number. These densities can be feed as an input of Glauber model after converting into spherical equivalent of it in terms of Gaussian coefficients. We have converted these densities into Gaussian form and calculated their values in terms of Gaussian coefficients c i 's and a i 's using relation:
The Gaussian coefficients which are used as input in the Glauber model code [24] are listed in Table 1 for NL3 interaction.
For the address of reaction dynamics, the single particle wave function is used in Glauber model. The radial part of single particle wave function have been obtained after solving Schrodinger equation using WoodSaxon type potential as in the form: where f (r) = [1 + exp(
. The first term of equation (21) contains the central potential, second term contains spin orbital part and the last term of the equation contains Coulomb part of potential. A be the mass number of nucleus. We fixed the value of r 0 = 1.2 fm and diffuseness parameter "a" as 0.6 fm in our calculations. Fig. 3 represents the values of σ R for 24−40 Mg+ 12 C reactions at E P roj =240 AMeV as a function of A of projectile nucleus. The calculated values of σ R in the figure show a remarkable agreement with the experimental data except for the case of 37 Mg, which support the success of RMF densities for the study of reaction dynamics. One may see some deviation particularly for higher Mg isotopes and 37 Mg projectile. This difference in theoretical and experimental data for 37 Mg nucleon is of further significance which seem to suggest that, it exhibits unusual structure and hence needs further investigation. This point is explored in further discussion. Fig. 4 shows the angular elastic differential cross sections of 34−38 Mg projectiles on the carbon target at E P roj =240 AMeV. The inspection of the figure suggest that, two dip positions are observed at an angles θ c.m = 2 0 and 8 0 . One may also observe that the large dip appeared for 37 Mg and 38 Mg at these angles. Specifically speaking, the largest dip at 37 Mg projectile may be associated with the loosely bound structure of this nucleus. The above observations give indication of halo behavior of 37 Mg.
For further study of the case of 37 Mg projectile, we have used Glauber formalism with two body (core+nucleon) system. Further details of the calculations can be seen in [25, 26] . eter. It is clear from the figure that the reaction cross section and diffuseness parameter are linearly dependant to each other. The value of σ R obtained at diffuseness parameter = 3.5 fm is 1537 mb, which is well comparable to the experimental observation 1536±15 mb. Hence the lower panel of the figure shows that the value of reaction cross section fit with the experimental value at a = 3.5 fm. The upper panel of the figure shows the rms radius values of core+neutron system as a function of diffuseness parameter. We observed that the value of root mean square radius of projectile (core + nucleon) at a=3.5 fm is 6.041 fm. Thus the large value of reaction cross section has direct consequence to their large radius and halo nature of 37 Mg isotopes. 37 Mg nucleus. Although, this large value of a = 3.5 fm looks unusual, but still be relevant for exotic nuclei exhibiting halo structure. For further significance of higher diffuseness parameter "a", one need to have extensive investigation by addressing reaction dynamics involving various halo nuclei. We have fitted density with a WoodSaxon form taking variation in diffuseness parameter 'a'. Then, we used these densities in the reaction calculation to evaluate the reaction cross-section σ R . We find that the fitted density reproduce the experimental data for 37 Mg at a = 3.5 fm. Fig. 7 represents the variation of reaction cross section as a function of projectile energy for 30-1000 AMeV using wave function with a=3.5. The experimental values are also given for comparison. Fig. 8 shows the one neutron removal cross section for 37 Mg+ 12 C reaction as a function of E P roj . One neutron removal cross section consists of both elastic and inelastic component. It is clear from the figure that the inelastic component in neutron removal cross section dominate over their elastic component at E P roj =240 A MeV. The trend of reaction cross section in figure 7 and one neutron removal cross section in figure  8 are similar, but small hike is appeared in one neutron removal cross section at E P roj =100 A MeV, because of its elastic component. Fig. 9 show the calculated longitudinal momentum distribution of 36 Mg core for the reaction 37 Mg+ 12 C at E P roj =240 A MeV. The trend of distribution exhibits the Gaussian pattern. So we compare our calculated values of longitudinal momentum distribution using RMF densities with in Gaussian function. The circle points show the calculated values of momentum distribution of one nucleon from the 37 Mg projectile and solid line is the fitted gaussian curve. By fitting curve the observed value of FWHM comes out to be 80.02 MeV/c.
IV. SUMMARY
In summary, we have calculated the ground state properties of Mg isotopes and also studied the reaction cross sections of these isotopes taken as projectile from the valley of stability to drip line region with stable 12 C target at E proj 240 AMeV. We found remarkable agreement of ground state properties of Mg-isotopes with available data. The estimated values of reaction cross section using densities from RMF formalism are nicely compered with the experimental data. The excellent agreement of estimated reaction cross section values except for 37 Mg isotope is an evidence of predictive power of RMF. The skin effect variation with mass number is studied in context of density profile. The study of angular elastic differential cross section for 34−38 Mg and further investigation with Glauber two body calculation also support the halo status of 37 Mg. Subsequently we examined the halo status of 37 Mg and it seems justified from its higher magnitude of rms radius ∼6.041 fm and small value of FWHM (80.02 MeV/c) of longitudinal momentum distribution.
